The major metabolites of the phosphatidylinositol cycle from extracts of Samanea saman pulvini were separated. The membrane localized phosphoinositides were separated by thin layer chromatography, identified by comparison with purified lipid standards, and quantitated based on incorporation of radiolabel. The ratio of radioactivity in phosphatidylinositol:phosphatidylinositol 4-phosphate: phosphatidylinositol 4,5-bisphosphate is about 32:8:1. The aqueous inositol phosphates were separated by anion exchange chromatography using conventional liquid chromatography and by high performance liquid chromatography (HPLC) and were identified by comparison with standards. Analysis by HPLC reveals that 32P-labeled pulvini have inositol 1-phosphate, inositol 1,4-bisphosphate, and inositol 1,4,5-trisphosphate that co-migrate with red blood cell inositol phosphates, but 3H-inositollabeled pulvini appear to have a variant profile.
for phytochrome-mediated responses (4, 11, 19) and rhythmic phase shifting (10) .
The PI cycle as elucidated in animal tissues ( Fig. 1 ) involves the following series of reactions (1, 6, 16, 17) : external signals such as light, hormones, or neurotransmitters interact with receptors on the plasma membrane. These interactions stimulate G protein to bind GTP and then to activate a phosphodiesterase (phospholipase C). Phospholipase C then hydrolyzes PIP2, yielding diacylglycerol and IP3. Each product activates a well-defined biochemical pathway. Diacylglycerol activates protein phosphorylation via protein kinase C (16, 17) . IP3 is released into the cytoplasm, where it functions as a second messenger that mobilizes intracellular Ca2' from the ER (1). It is not yet known whether the cycle functions similarly in plant cells.
In the present study, we describe the separation of phosphoinositides and inositol phosphates from Samanea pulvinar extracts.
Leaflet movements in the nyctinastic legume Samanea saman are driven by a circadian clock that can be reset by red light absorbed by phytochrome (23) , or by blue light absorbed by an unidentified pigment (21) . Knowledge of the transduction steps that couple light absorption to cellular responses are of great interest, both for understanding biochemical events that follow excitation, and for probing light-clock interaction.
We are investigating the possibility that the hydrolysis of membrane localized phosphoinositides accompanied by an increase in cytosolic free calcium mediates 
MATERIALS AND METHODS
Terminal secondary pulvini, each attached to a 3 cm section of rachilla, were excised from Samanea saman plants grown with 16 h light:8 h dark cycles (cool-white fluorescent light, 200 ,umol m2 s ') at 26-C ± 1 .5°C (21) . All manipulations that took place during the usual 8 h dark period were performed with a dim green "safelight" as the only illumination, The pulvini were cut at h 4.5 of the dark period and the cut end of the rachilla was incubated in water for 19.5 h, i.e. for the remaining 3.5 h of the dark period followed by the 16 h light period. At Water soluble standards for IP, IP,, and 1P3 were generated from 32P-labeled red blood cell ghosts by activation of an endogenous phosphodiesterase that hydrolyzes membrane bound phosphoinositides (5). Briefly, 0.5 ml of red blood cell ghosts were incubated for 30 min at 37°C in 1 ml Hepes buffer containing 2 mM Ca"+. The reaction was stopped by addition of 1 ml 10% TCA and chilled. The precipitate was sedimented and the supernatant was adjusted to a total volume of 5 ml with water and to neutral pH by dropwise addition of 1 N NaOH. The labeled PI hydrolysis products IP, IP2, and IP3 were separated by anion exchange chromatography using 1 ml of Dowex 1-lOX (5) and/ or by HPLC (12) using a Partisil SAX column (Whatman Inc).
For Dowex anion exchange chromatography, the column was eluted with 10 ml H20 followed by 8 The water-soluble metabolites of PI turnover in Samanea extracts were isolated from the aqueous phase of the Folch extraction. The aqueous phase was dried under N2 and stored at -1 5°C. Each frozen, dried sample extract was dissolved in 5 ml of H20 and neutralized before being applied to the Dowex or HPLC column. The elution protocols were the same as those described for the red blood cell ghost standards.
RESULTS AND DISCUSSION
Incorporation of [3H]inositol into labeled phospholipids was linear with time (data not shown). Since there was substantial incorporation after 6 h ofincubation, we used this as our standard incubation period. Extracts were prepared as described in "Materials and Methods." The inositol lipids were separated by TLC and visualized by iodine staining and autoradiography. PI was identified by comparison to an unlabeled standard (data not shown); Lyso PI was identified by comparison with published chromatograms (2); PIP was identified by comparison to both unlabeled PIP (data not shown) and radiolabeled standard (Fig.  2) ; PIP2 was identified by comparison to radiolabeled standard (Fig. 2) . Standard radiolabeled PIP and PIP2 both show a contaminating component that migrates at an RF intermediate be- fraction number rO 0 E 06 lipid band from the labeled pulvini. Furthermore, when the lipid contaminant is hydrolyzed by red blood cell phosphodiesterase, the water soluble product elutes between IP2 and IP3 using HPLC (see below). Quantitation of radioactivity in the chromatogram revealed that 75.9 + 3.4% (mean + SE, n = 4) of the label was present in PI, 1.3 + 0.3% was present in lyso PI, 19.5 ± 2.7% was present in PIP, and 2.4 ± 0.3% was present in PIP2.
We identified the phosphoinositide water-soluble metabolites (IP, IP2, and IP3) from the aqueous phase from extracted Samanea pulvini by comparison with red blood cell standards. Figure 3 shows the Dowex anion exchange separation of 3H inositol-labeled water soluble metabolites from pulvinar extracts and from 32P-labeled red blood cell ghosts. Based on published profiles (5) HPLC separation ofred blood cell inositol phosphates is shown in Figure 4 . Four major peaks of radioactivity are apparent. Based on comparison with separations reported by Heslop et al. (12) and with the inositol phosphate composition reported for red cell extracts (5) , the peaks are identified, in order of elution, as IP, IP2, IP3 (Fig. 4) . In agreement with this identification, [3H] IP2 and [3H]IP3 standards formed by hydrolysis of exogenously supplied [3H]PIP and [3H]PIP2 standards (as described in "Materials and Methods") coelute with the red blood cell standards. The major peak eluting between IP2 and IP3 reflects the major contaminant in the lipid standards from which these were derived (Fig. 2) .
We also separated both 32P-labeled and 3H-labeled pulvinar inositol phosphates by HPLC. Figure 5 shows the separation of water soluble extracts from 32P-labeled pulvini. As with red blood cell extracts (Fig. 4) , four peaks were apparent and the first three were identified as IP, IP2, IP3. Careful examination of the elution profile in Figure 5 shows that the entire profile eluted Figure 6 reveals three peaks of radioactivity for [3H]inositol labeled pulvini; the first two elute before red blood cell IP while the third comigrates with red blood cell IP2. These results are not due to different extraction conditions since coextraction of red blood cell ghosts and pulvini yields the same profile. Furthermore, we have observed similar profiles when 32P-labeled pulvinar extracts and 3H-labeled pulvinar extracts were co-injected, i.e. two tritium peaks elute before [32P]IP. We are currently examining the nature ofthe "inositol phosphates" and the reactions that produce them.
In summary, we have presented evidence that Samanea saman motor cells have all of the phospholipids and lipid metabolites of the PI cycle and we have described the separation and preliminary identification of these metabolites. We 6 . Separation oflabeled pulvinar and red blood cell inositol phosphates by HPLC. Samanea pulvini were labeled with 3H-inositol and were extracted as described in "Materials and Methods." The aqueous phase was dried, reconstituted in water and neutralized, the pulvinar fraction (@-4) was then mixed with the red blood cell fraction (A---A) and the inositol phosphates were separated by HPLC.
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